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A Geospatial Analysis of the Existing Flood Situation in
the Buna River Basin
Freskida Abazaj1,
1

Departement of Geodesy, Faculty of Civil Engineering , Polytechnic University of
Tirana, Albania

Abstract. Flooding events cause economic, social and environmental damage and lives loss. In
Albania, the rivers constitute the highest flood risk. Basic knowledge for apprehending the
flood risk concerns the frequency and intensity of floods, the exposition of humans and assets
to flooding, their sensitivity to floodwater and their susceptibility to suffer damage. My study
case is located in Buna River area. This is a zone with frequent flood risk. A detailed analysis
of the current state, problems and issues of the area is structured around topic areas elaborated
in detail. The assessments, maps and developed catalogues of measures shall fulfil the
obligations of the “European Directive 2007/60/EC on the assessment and management of
flood risks”. According to the Directive flood risk management shall address all aspects of
floods risk management, including prevention, protection and preparedness.
Keywords: Flooding1, Buna River2, Flood Risk Menagement3, European Directive4

Introduction
Flood risk and vulnerability are increasing due to changes in rainfall pattern, increased
frequency of extreme events, changes in land use and development in flood prone areas as a
result of socio-economic demand. Human lives, property, environment, and socioeconomics are
at increasing risk due to flooding [1]. The vulnerability is a multi-layered and multidimensional
social space defined by the determinate, political, economic and institutional capabilities of
people in specific places at specific times [2]. The natural dynamic evolution of a river and the
adjacent morphological environment are particularly important for the communities that
concentrate in these areas their socio-economic activities. In addition the anthropogenic
pressure plays a fundamental role in influencing the rate of the fluvial processes. The
combination of both factors involves all the major rivers, so that today it is not easy to find long
fluvial reaches free of human intervention [3]. Integrating spatial planning and flood risk
management is a sustainable approach to deal with flood issue [4]. Spatial planning influences
the critical factors of flood risk such as location of activities, type of land use, scale of
development and design of physical structures [5]. Spatial planning can influence those critical
factors on different spatial scales, from local plans to national or even international strategic
plans [6]. The Buna basin located in the North Western Albanian Region of Shkodër is
prone to severe floods which occurred regularly in the last years and might increase in
frequency and intensity due to climatic changes in the region. The latest major floods in
January 2010, December 2010 and March 2013 resulted in high economic and environmental
losses. Without adequate adaptation to the increased flood risk, social, economic and health
damage are likely to increase. One of the main objectives is the minimization of damages cause
by floods in the coming years. In general climate change projections for the region show an
increase in temperatures as well as an increase in frequency and intensity of floods [7]. While
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summer periods will be dryer, latest figures of the European Environmental Agency predict an
increase of heavy precipitation in the winter period between 5-15 %. Especially climate
variability will increase and more extreme events are likely to happen [8].

Object of the Study
1.
2.
3.

Examine the flood situation in Albania and analyses the factors of river flooding in
this area.
Identify European and Albania flood management approaches in planning and
practices.
Analyze Albania present situation and suitable prospects on flooding in the study
area.

Figure 1: Highlighted in red is the Shkoder region of Albania. The detail shows the municipal
units in Shkoder. [9]

Study area
The The River Buna runs in the last North-west segment of the Albanian- Montenegrin border.
This river springs from Lake of Shkoder, quite close to the city of Shkoder, between the hill of
“Rozafa” Castle and Taraboshi Mountain. Buna is the only emissary of the Shkoder Lake. First,
Buna runs to the south, alongside Taraboshi, further it snakes toward west and then it takes
again the south direction, up to its mouth in Adriatic Sea. The Albanian-Montenegrin border
traverses the River Buna from village Samrisht in Albania and Gorica in Montenegro,
continuing up to the river mouth. The river has a length of 44 km. Lake Shkodra, Drin and Kir
Rivers, drain into the Buna, which flows towards and empties into the Adriatic Sea.
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Figure 2: Drin and Buna River Basin – overview. [10]
The combined flow from the other rivers and the lake into the Buna River can sometimes add
up to more water volume than the Buna River can hold, causing it to overflow. Floods are
frequent during the November-March period, when the region receives about 80-85 percent of
its annual precipitation [11]. This potential risk area in the Shkodër region covers the
communes Ana e Malit, Bërdicë, Bushat, Dajç, Gur i Zi, Rrethina, Shkodër and Velipojë,
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Figure 3: Satellite image of the Drin and Buna rivers and the northwestern flood plain: 1)
Komani dam, 2) Vau-Deja dam, 3) Shkodra town, 4) Shkodra Lake, 5) Drin River, 6) Buna
River. [12]

Factors that Contribute to Flood Risk
Climate Change
In general climate change projections for the region show an increase in temperatures as well as
an increase in frequency and intensity of floods [7]. There are two climate scenarios that we
have looked at called Representative Concentration Pathways (RCP). The first, less extreme
scenario is RCP4.5, where greenhouse gas (GHG) emissions peak near 2040 then decline. The
second, more extreme scenario is the RCP8.5 or “business-as-usual” scenario, where GHG
concentration continues to increase by 2100 [13]. Average annual precipitation has already
decreased up to 20% in the region compared to the base period of 1961-1980. While the
RCP4.5 scenario predicts no significant change, the RCP8.5 scenario expects annual
precipitation to decrease by another 20% in the years 2046-2065 [13]. However, seasonal
precipitation is changing, with higher levels in December, January, and February followed by
drought periods in June, July, and August throughout the Western Balkans and the Shkodër
region, as can be seen in Figure 4 [14].
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Figure 4: Monthly average rainfall and air temperature for the stations of Ulcinj, Bushat, Dajç
and Velipoje in the period 2003-2010 showing the increase in peak rainfall for the fall and
winter months [14].

Erosion
Erosion increases the severity of flooding from the Buna River. In some areas, erosion is
changing the shape of the river, making it wider but shallower, increasing the probability of
overflow and flooding in surrounding farmland. Erosion is a natural effect that can be worsened
by anthropogenic interventions such as dredging and deforestation. For example, in 2015,
severe floods in southern Albania were attributed to river erosion caused by deforestation of the
river margins where the river meets the land [15].The extent of erosion can be seen in Shkodër
both in the Buna River (Figure 5). In addition to exacerbating the effects of floods, erosion
along the Buna River deteriorates the integrity of the soil layer at river margins by washing
both the nutrient-rich topsoil and its base away [9].
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Figure 5: Satellite image from 07-21-2018 showing erosion (in grey) along the Buna river south
of the city of Shkodra acquired through Modified Copernicus Sentinel data [2018]/Sentinel Hub
[16].

Hydropower Plants and Dam Management
The construction of major hydropower plants and dams in Shkodër since the 1970s has also
contributed to flood risk in the area. The three major hydropower plants in the Drin River are
the Fierza (1978), Komani (1985), and Vau I Dejes (1971) dams with their respective power
plants (Kesh, 2017). The Fierza dam, is located closest to the source of the Drin River and the
Kosovo border. From there, the Drin flows to the Vau I Dejes dam where the river basin begins
to empty to the sea. Shkodra is located slightly northwest of the Vau I Dejes dam. These three
hydropower plants produce 95% of Albania’s power, and excess energy provided by these
dams is sold to neighboring countries [17]. The series of dams can help reduce the area flooded
in severe events as they block river residues, especially gravel, and hold large amounts of water
upstream. Conversely, mismanagement of the dams can increase flood risk. After analyzing
heavy floods in 2010, experts concluded that dam operators of Vau I Dejes delayed opening the
spill gates until the reservoirs were full and structural damage was imminent. This required
operators to release a peak of approximately 3,500 cubic meters per second, more than seven
times above the normal release of 500 cubic meters per second [18].

Figure 6: Drainage channels converging south of Dajc
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Figure 7: Gravel pile from dredging by the Buna Rive

Hydrogeology
Significant part (~24%) of the area consists of karst limestone formations, which offer
considerable potential for groundwater exploitation. The coastal aquifers interact with the sea,
including in the form of submarine groundwater discharges, which contribute to the creation of
brackish water habitats in the coastal zone. A significant portion (~54%) of the plan area is
classified as having low and very low vulnerability to groundwater pollution. Only 7.2% of the
area can be considered as having very high and high vulnerability to groundwater pollution.
[14].
Table 1. Main hydrogeological formations and their extent in the plan area [14].
Formations

% of total

Fissured and karstified porosity aquifer with high to very high23.56
permeability
Fissured porosity aquifer with medium to low fracture permeability 0.45
Moderately productive intergrannular aquifers with medium to low29.83
permeability
Practically impermeable rocks without considerable intergranular or 25.67
fissured porosity
Productive intergrannular aquifers with very high to medium20.49
permeability
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Figure 8: Hydrogeological map of the Buna/Bojana basin [14].

Sea level rise
The sea level rise has a special significance because it highly contributes to factors that cause
flooding, The Albanian Costal area is prone to subsidence that might intensify the impact of sea
level. By averaging the results for Albanian coastal area results that sea-level is likely to
increase averagely up to 40cm, reaching the maximum level of 73 cm by 2100 [19].
Table 2. Projection of changes in annual sea level (cm) [20].

years
aver
max
min

Sea level rise (cm)
2050
2100
14.6
37.8
26.4
72.6
7.2
15.2

Figure 9 shows the flooded area due to maximum projected sea level rise. Combined effect of
sea level rise and storm surges may cause even more extensive flooding in the area.
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Figure 9. Sea Level Rise in Plan area in Albania [20].

Buna river present situation in the study area.

The existing flood protection system dates from the 1960ies and relies on a series of dikesand
drainage channels [21]. These have been constructed mainly after the catastrophic inundation of
the years 1962-63. In this time huge investments have been carried out in the lower part of the
rivers Drin and Buna.

Figure 10: Historic mayor flood events since 1851 [21].Based on available data – no further
mayor floods documented since 1851
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Figure 11: Satellite Image of flood extent in January 2010 and December 2010 (TerraSAR
and Radarsat - DLR, 2010) [24]

Figure 12: Flood of December 2010 (NATO, 2010)
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Figure 13: Farmland near Shkodra in November 2018 (Left) and flooded in December 2010
(Right)

European Flood Directive a new approach for study of fluids
The “European Directive 2007/60/EC on the assessment and management of flood risks”
contributes to setting a legal framework for integrated water management including flood risk
management for all European member states. It builds up on the change of strategy in fighting
against flood risks: the traditional approach was to protect people, economic goods and
agricultural land from floods (which regularly fails when extreme floods overtop the protection
works). The modern approach of the directive is to cooperate with all relevant actors to “life
with the floods”, to protect if possible, to adapt uses and constructions to flood risks in
respective areas and especially to prepare for being flooded in a holistic approach with all
potentially affected people, organizations administrations and businesses [25].

Figure 14: The FRM cycle according to the EU FRM Directive [26]
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Management cycle, from preparation and disaster management to the recovery phase.
Development and agreement on the regional and local FRM plans, including a common picture
of the flood risk management measures and further activities for the region and the communes.
[27]

Figure 15: Working steps for the FRM plan [27]

Conclusion
The frequency of natural hazards, such as floods, have been increasing during the last decades.
On the other hand modern societies have become more vulnerable to impacts of flooding.
Necessary measurements for flood protection are: Topographic Field survey of flooding area,
Remote Sensing comparison of satellite images between years, Measurement of hydrological
data through years. Determination of high-risk areas and flood damage caused by floods of
different sizes. According to the EU floods directive which have to be implemented in all
member states it is necessary to do the identification of potential significant flood risk areas and
to create Flood hazard and flood risk mapping. The assessment and identification of areas of
potential significant flood risk should include the existing data, local knowledge and GISanalysis for the preselected areas.
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